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SYSTEM AND METHOD FOR MONITORING 
SEMICONDUCTOR PRODUCTION APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a monitoring tech 
nique for ascertaining the operation status of an apparatus 
for producing a semiconductor device on the real time basis. 

[0002] In recent years, production processes of semicon 
ductor devices have become complicated along With min 
iaturiZation of the semiconductor devices. Thus, When a 
defective semiconductor device is produced or When the 
production yield of a semiconductor device is decreased, it 
requires a long time to track doWn the cause of the problem, 
e.g., to ?nd Whether the cause is in a production process or 
in a production apparatus. Moreover, the process margin in 
the production of a semiconductor device has been decreas 
ing along With an increase in the integration density of the 
semiconductor device. As a result, a variation in the pro 
duction yield of the semiconductor device, Which occurs due 
to an internal error of a production apparatus (process 
variation among chambers of a multi-chambered production 
apparatus) or a difference among production apparatuses 
(process variation among production apparatuses of the 
same type), has become a great problem. Therefore, in a 
production process of a highly integrated semiconductor 
device, a technique for measuring the operation status of a 
production apparatus on the real time basis, i.e., a technique 
for monitoring the operation status of a production appara 
tus, is very important. 

[0003] NoW, a conventional monitoring technique for a 
semiconductor production apparatus is described While 
exemplifying a plasma etching apparatus, Which is one of 
typical semiconductor production apparatuses. 

[0004] FIG. 14 illustrates monitoring of the operation 
status of the plasma etching apparatus With a conventional 
monitoring apparatus. 

[0005] As shoWn in FIG. 14, the plasma etching apparatus 
100 includes a reaction chamber 103 having a loWer elec 
trode 102 on Which a substrate 101 to be processed is placed. 
At one side of the reaction chamber 103, a ?oWmeter (mass 
?oW controller) 104 through Which a process gas is supplied 
into the reaction chamber 103 and a pressure sensor 105 
(such as Baratron, or the like) for measuring the gas pressure 
in the reaction chamber 103 are connected. On the other side 
of the reaction chamber 103, a vacuum pump 106 for 
discharging the process gas is connected through a conduc 
tance valve (ACP valve) 107. The conductance valve 107 
adjusts the amount of the process gas to be discharged. At 
the bottom of the reaction chamber 103, a high frequency 
poWer supply 108 for supplying a high frequency poWer to 
the loWer electrode 102 is connected through a matcher 109 
and an additional sensor 110. Further, a chiller 111 is 
connected to the bottom of the reaction chamber 103. 

[0006] Further, the plasma etching apparatus 100 includes 
a controller computer 112 Which is connected through signal 
lines to the control devices, i.e., the ?oWmeter 104, the 
pressure chamber 105, the conductance valve 107, the high 
frequency poWer supply 108, the matcher 109, and the 
chiller 111. The controller computer 112 retains a plurality of 
pieces of process data acquired from the control devices, 
such as gas ?oW rate, gas pressure, degree of valve opening, 
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plasma content value, etc., i.e., the values of a plurality of 
process parameters Which represent the operation status of 
the plasma etching apparatus 100, in the form of digital data 
for a certain time period. The controller computer 112 is 
connected via netWork to a host computer 10 Which manages 
a plurality of semiconductor production apparatuses includ 
ing the plasma etching apparatus 100 and a monitoring 
apparatus (monitoring tool) 20 for ascertaining the operation 
status of the plasma etching apparatus 100. The monitoring 
tool 20 acquires a plurality of pieces of process data from the 
controller computer 112. Note that the sampling rate for the 
process data in the controller computer 112 is about one 
second, and thus, a transient variation cannot be observed in 
parameters of certain types. In order to avoid such incon 
venience, the monitoring tool 20 is directly connected 
through signal lines to the control devices of the plasma 
etching apparatus 100 (speci?cally, the ?oWmeter 104, the 
pressure chamber 105, the matcher 109, and the additional 
sensor 110), Whereby the monitoring tool 20 can acquire the 
process data directly from these control devices in the form 
of analog data. 

[0007] Next, a conventional monitoring method for a 
semiconductor production apparatus is described With an 
example Where process data is acquired in the form of 
analog data directly from the respective control devices of 
the plasma etching apparatus 100 using the monitoring tool 
20 shoWn in FIG. 14. 

[0008] FIG. 15 is a ?oWchart of the conventional moni 
toring method. 

[0009] In the ?rst process P1, a plurality of pieces of 
process data are acquired in the form of analog data directly 
from the respective control devices of the plasma etching 
apparatus 100 using the monitoring tool 20, and the acquired 
process data are retained in a recording medium of the 
monitoring tool 20. 

[0010] In the second process P2, the plurality of pieces of 
process data retained in the recording medium of the moni 
toring tool 20 are transferred to a recording medium of 
another computer using a ?exible disk, or the like. 

[0011] In the third process P3, the plurality of pieces of 
process data are plotted on the time series in the another 
computer, Whereby the trend management of the operation 
status of the plasma etching apparatus 100 is performed. 

[0012] In the conventional monitoring method for a semi 
conductor production apparatus, a variation in each of the 
process parameter values in the semiconductor production 
apparatus can be monitored. HoWever, it is necessary for 
determining Whether the operation status of the semicon 
ductor production apparatus is normal or abnormal to 
observe all of the process parameter values and employ a 
human (operator) in evaluating the operation status of the 
semiconductor production apparatus based on the observa 
tion result, i.e., all of the process data. That is, in the 
conventional monitoring technique, evaluation of the opera 
tion status of the semiconductor production apparatus cannot 
be automated. In other Words, evaluation of the operation 
status of the semiconductor production apparatus cannot be 
performed both objectively and quickly. 

[0013] In the conventional monitoring method, even When 
a process recipe consists of a plurality of steps, a statistical 
value of the process data is not calculated at every step. FIG. 
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16 shows a monitoring result of the power of a progressive 
Wave of the high frequency power applied to the loWer 
electrode in the etching apparatus shoWn in FIG. 14. As 
shoWn in FIG. 16, one process recipe for the etching 
apparatus consists of 5 steps, Steps S1 to S5, and the value 
of the poWer of the progressive Wave is different among the 
steps. HoWever, in the conventional rnonitoring method for 
the semiconductor production apparatus, the statistical value 
of the process data is not calculated at every step, and 
therefore, the operation status of the semiconductor produc 
tion apparatus cannot be accurately ascertained. 

SUMMARY OF THE INVENTION 

[0014] In vieW of the above, the ?rst objective of the 
present invention is to achieve evaluation of the operation 
status of a semiconductor production apparatus both objec 
tively and quickly, and the second objective of the present 
invention is to correctly ascertain the operation status of the 
semiconductor production apparatus. 

[0015] In order to achieve the ?rst objective, the ?rst 
monitoring system of the present invention for monitoring a 
semiconductor production apparatus comprises data acqui 
sition means for acquiring from the semiconductor produc 
tion apparatus a plurality of pieces of process data including 
values of a plurality of process parameters Which are 
obtained While the semiconductor production apparatus is in 
operation; and model creation means for creating a multi 
variate analysis model using at least a portion of the plurality 
of pieces of process data. 

[0016] According to the ?rst monitoring system, a multi 
variate analysis model is created using a plurality of process 
parameter values acquired from the semiconductor produc 
tion apparatus While it is in operation, i.e., a plurality of 
pieces of process data. Thus, as for a plurality of pieces of 
neW process data, for example, a principal component value 
of the neW process data, a distance betWeen the neW process 
data and the model, or the like, can be calculated. Moreover, 
real-time monitoring of the calculated value can be per 
formed. Speci?cally, for example, by monitoring the prin 
cipal cornponent value in time series, evaluation of the 
operation status of a semiconductor production apparatus 
can be performed both objectively and quickly, as compared 
With a case Where a large number of process parameter 
values are observed and the observation results are evaluated 
using a certain hurnan sense. Furthermore, it is possible to 
quantitatively obtain the distance betWeen a plurality of 
pieces of neW process data and the model using, for 
example, Error Matrix E. That is, Error Matrix E represents 
the distance from the model, and it is possible to determine 
Whether the operation status of the semiconductor produc 
tion apparatus is normal or abnormal based on the distance. 
As a result, it is possible to represent the operation status of 
the semiconductor production apparatus by a single value 
(index value). Since the operation status of the serniconduc 
tor production apparatus can be represented as an indeX, the 
operation status of the semiconductor production apparatus 
can be managed only by managing the indeX value. There 
fore, evaluation of the operation status of the semiconductor 
production apparatus can be performed both objectively and 
more quickly. 

[0017] In order to achieve the ?rst and second objectives, 
the second monitoring system of the present invention for 
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monitoring a semiconductor production apparatus corn 
prises: data acquisition means for acquiring from the semi 
conductor production apparatus a plurality of pieces of 
process data including values of a plurality of process 
parameters Which correspond to a plurality of steps of a 
process recipe, the values being obtained While the semi 
conductor production apparatus is in operation; data divid 
ing means for dividing the plurality of pieces of process data 
for the respective process parameters and for the respective 
steps; and model creation means for creating a multivariate 
analysis model using data obtained by dividing the plurality 
of pieces of process data. 

[0018] According to the second monitoring system, the 
folloWing effects can be obtained in addition to the effects of 
the ?rst monitoring system. The process data acquired from 
the semiconductor production apparatus While it is in opera 
tion can be monitored separately for the respective steps of 
the process recipe. Thus, ascertainment of the operation 
status of the semiconductor production apparatus, e.g., iden 
ti?cation of an abnormal device, can be carried out precisely 
by checking data obtained by dividing the process data for 
the respective steps or a statistical value thereof as neces 
sary. 

[0019] In the ?rst or second monitoring system, the semi 
conductor production apparatus includes a plurality of con 
trol devices and a controller computer connected to the 
plurality of control devices. The data acquisition means may 
be connected to the controller computer and may acquire 
from the controller computer the plurality of pieces of 
process data in the form of digital data. In this case, the data 
acquisition means may acquire the plurality of pieces of 
process data using SECS, GEM, or HSMS. 

[0020] In the ?rst or second monitoring system, the semi 
conductor production apparatus includes a plurality of con 
trol devices. The data acquisition means may be connected 
to the plurality of control devices and may acquire from the 
plurality of control devices the plurality of pieces of process 
data in the form of analog data. 

[0021] In the case Where the ?rst or second monitoring 
system further comprises data evaluation means for evalu 
ating a plurality of pieces of neW process data including 
values of the plurality of process parameters, Which are 
neWly acquired by the data acquisition rneans based on the 
multivariate analysis model created by the model creation 
means, to determine Whether the operation status of the 
semiconductor production apparatus is normal or abnormal, 
the above-described effects of the present invention can 
surely be obtained. 

[0022] In the case Where the monitoring system includes 
the data evaluation means, it is preferable that the monitor 
ing system further comprises: lot information acquisition 
means for acquiring from the semiconductor production 
apparatus its process lot information; and lot inforrnation 
addition means for adding the process lot inforrnation 
acquired by the lot information acquisition means to the 
plurality of pieces of neW process data. 

[0023] With such an arrangement, the process lot infor 
rnation is coupled to the process data on the data space. 
Therefore, it is possible to collate the operation statuses of 
the semiconductor production apparatus With lot results and, 
on the contrary, to collate the lot results With the operation 
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statues of the semiconductor production apparatus. Thus, it 
is possible to quickly ascertain What operation status the 
semiconductor production apparatus Was in When a defec 
tive Wafer process Was performed. 

[0024] In the case Where the monitoring system includes 
the data evaluation means, it is preferable that the semicon 
ductor production apparatus is connected to a host computer 
Which retains process lot information of the semiconductor 
production apparatus; and the monitoring system further 
includes lot information acquisition means for acquiring the 
process lot information from the host computer, and lot 
information addition means for adding the process lot infor 
mation acquired by the lot information acquisition means to 
the plurality of pieces of neW process data. 

[0025] With such an arrangement, the process lot infor 
mation is coupled to the process data on the data space. 
Therefore, it is possible to collate the operation statuses of 
the semiconductor production apparatus With lot results and, 
on the contrary, to collate the lot results With the operation 
statues of the semiconductor production apparatus. Thus, it 
is possible to quickly ascertain What operation status the 
semiconductor production apparatus Was in When a defec 
tive Wafer process Was performed. 

[0026] In the ?rst or second monitoring system for a 
semiconductor production apparatus, When the model cre 
ation means performs at least a principal component analy 
sis, the above-described effects of the present invention can 
surely be obtained. 

[0027] In order to achieve the ?rst objective, the third 
monitoring system of the present invention for monitoring a 
plurality of semiconductor production apparatuses com 
prises: a plurality of data acquisition means, each data 
acquisition means acquiring from a corresponding one of the 
plurality of semiconductor production apparatuses a plural 
ity of pieces of process data including values of a plurality 
of process parameters Which are obtained While the plurality 
of semiconductor production apparatuses are in operation; a 
plurality of model creation means, each model creation 
means creating a multivariate analysis model using at least 
a portion of the plurality of pieces of process data Which are 
obtained by the each of the plurality of data acquisition 
means; a plurality of data evaluation means, each data 
evaluation means evaluating a plurality of pieces of neW 
process data including values of the plurality of process 
parameters Which are neWly acquired by the each of the 
plurality of data acquisition means based on the multivariate 
analysis model created by the each of the plurality of model 
creation means, thereby determining Whether the operation 
status of the corresponding one of the plurality of semicon 
ductor production apparatuses is normal or abnormal; and 
central monitoring means for accessing the respective one of 
the plurality of data evaluation means at a predetermined 
time interval to acquire results of the determination by the 
respective one of the plurality of data evaluation means as to 
Whether the operation statuses of the plurality of semicon 
ductor production apparatuses are normal or abnormal. 

[0028] According to the third monitoring system, the 
folloWing effects can be obtained in addition to the effects of 
the ?rst monitoring system. Since the monitoring system 
includes the central monitoring means Which accesses the 
respective one of the plurality of data evaluation means at a 
predetermined time interval to obtain results of determina 
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tion by the plurality of data evaluation means as to Whether 
the operation statuses of the plurality of semiconductor 
production apparatuses are normal or abnormal, it is pos 
sible to automatically ascertain the operation statuses of the 
plurality of semiconductor production apparatuses. 

[0029] In order to achieve the ?rst and second objectives, 
the fourth monitoring system of the present invention for 
monitoring a plurality of semiconductor production appara 
tuses comprises: a plurality of data acquisition means, each 
data acquisition means acquiring from a corresponding one 
of the plurality of semiconductor production apparatuses a 
plurality of pieces of process data including values of a 
plurality of process parameters Which correspond to a plu 
rality of steps of a process recipe, the values being obtained 
While the plurality of semiconductor production apparatuses 
are in operation; a plurality of data dividing means, each 
data dividing means dividing the plurality of pieces of 
process data, Which are acquired by the each of the plurality 
of data acquisition means, for the respective process param 
eters and for the respective steps; a plurality of model 
creation means, each model creation means creating a mul 
tivariate analysis model using data obtained by dividing the 
plurality of pieces of process data by the each of the plurality 
of data dividing means; a plurality of data evaluation means, 
each data evaluation means evaluating a plurality of pieces 
of neW process data including values of the plurality of 
process parameters Which are neWly acquired by the each of 
the plurality of data acquisition means based on the multi 
variate analysis model created by the each of the plurality of 
model creation means, thereby determining Whether the 
operation status of the corresponding one of the plurality of 
semiconductor production apparatuses is normal or abnor 
mal; and central monitoring means for accessing the respec 
tive one of the plurality of data evaluation means at a 
predetermined time interval to acquire results of determina 
tion by the respective one of the plurality of data evaluation 
means as to Whether the operation statuses of the plurality of 
semiconductor production apparatuses are normal or abnor 
mal. 

[0030] According to the fourth monitoring system for 
semiconductor production apparatuses, the folloWing effects 
can be obtained in addition to the effects of the ?rst and 
second monitoring systems. Since the monitoring system 
includes the central monitoring means Which accesses the 
respective one of the plurality of data evaluation means at a 
predetermined time interval to obtain results of determina 
tion by the plurality of data evaluation means as to Whether 
the operation statuses of the plurality of semiconductor 
production apparatuses are normal or abnormal, it is pos 
sible to automatically ascertain the operation statuses of the 
plurality of semiconductor production apparatuses. 

[0031] In order to achieve the ?rst objective, the ?rst 
monitoring method of the present invention for monitoring 
a semiconductor production apparatus comprises: a data 
acquisition step of acquiring from the semiconductor pro 
duction apparatus a plurality of pieces of process data 
including values of a plurality of process parameters Which 
are obtained While the semiconductor production apparatus 
is in operation; and a model creation step of creating a 
multivariate analysis model using at least a portion of the 
plurality of pieces of process data. 

[0032] According to the ?rst monitoring method, a mul 
tivariate analysis model is created using a plurality of pieces 
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of process data acquired from the semiconductor production 
apparatus While it is in operation. Thus, as for a plurality of 
pieces of neW process data, for example, a principal com 
ponent value of the neW process data, a distance betWeen the 
neW process data and the model, or the like, can be calcu 
lated. Moreover, real-time monitoring of the calculated 
value can be performed. Speci?cally, for example, by moni 
toring the principal component value in time series, evalu 
ation of the operation status of a semiconductor production 
apparatus can be performed both objectively and quickly, as 
compared With a case Where a large number of process 
parameter values are observed and the observation results 
are evaluated using a certain human sense. Furthermore, it is 
possible to quantitatively obtain the distance betWeen a 
plurality of pieces of neW process data and the model using, 
for example, Error Matrix E. That is, Error Matrix E 
represents the distance from the model, and it is possible to 
determine Whether the operation status of the semiconductor 
production apparatus is normal or abnormal based on the 
distance. As a result, it is possible to represent the operation 
status of the semiconductor production apparatus by a single 
value (index value). Thus, since the operation status of the 
semiconductor production apparatus can be managed only 
by managing the index value, evaluation of the operation 
status of the semiconductor production apparatus can be 
performed both objectively and more quickly. 

[0033] In order to achieve the ?rst and second objectives, 
the second monitoring method of the present invention 
comprises: a data acquisition step of acquiring from the 
semiconductor production apparatus a plurality of pieces of 
process data including values of a plurality of process 
parameters Which correspond to a plurality of steps of a 
process recipe, the values being obtained While the semi 
conductor production apparatus is in operation; a data divid 
ing step of dividing the plurality of pieces of process data for 
the respective process parameters and for the respective 
steps; and a model creation step of creating a multivariate 
analysis model using data obtained by dividing the plurality 
of pieces of process data. 

[0034] According to the second monitoring method, the 
folloWing effects can be obtained in addition to the effects of 
the ?rst monitoring method. The process data acquired from 
the semiconductor production apparatus While it is in opera 
tion can be monitored separately for the respective steps of 
the process recipe. Thus, ascertainment of the operation 
status of the semiconductor production apparatus, e.g., iden 
ti?cation of an abnormal device, can be carried out precisely 
by checking data obtained by dividing the process data for 
the respective steps or a statistical value thereof as neces 

sary. 

[0035] In the ?rst or second monitoring method, the semi 
conductor production apparatus includes a plurality of con 
trol devices and a controller computer connected to the 
plurality of control devices. The data acquisition step may 
include a step of acquiring from the controller computer the 
plurality of pieces of process data in the form of digital data. 
In this case, the data acquisition step may include a step of 
acquiring the plurality of pieces of process data using SECS, 
GEM, or HSMS. 

[0036] In the ?rst or second monitoring method, the semi 
conductor production apparatus includes a plurality of con 
trol devices. The data acquisition step may include a step of 
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acquiring from the plurality of control devices the plurality 
of pieces of process data in the form of analog data. 

[0037] In the case Where the ?rst or second monitoring 
method further comprises a data evaluation step of evalu 
ating a plurality of pieces of neW process data including 
values of the plurality of process parameters, Which are 
neWly acquired at the data acquisition step, based on the 
multivariate analysis model created at the model creation 
step, to determine Whether the operation status of the semi 
conductor production apparatus is normal or abnormal, the 
above-described effects of the present invention can surely 
be obtained. 

[0038] In the case Where the monitoring method includes 
the data evaluation step, it is preferable that the monitoring 
method further comprises: a lot information acquisition step 
of acquiring from the semiconductor production apparatus 
its process lot information; and a lot information addition 
step of adding the process lot information acquired at the lot 
information acquisition step to the plurality of pieces of neW 
process data. 

[0039] With such an arrangement, the process lot infor 
mation is coupled to the process data on the data space. 
Therefore, it is possible to collate the operation statuses of 
the semiconductor production apparatus With lot results and, 
on the contrary, to collate the lot results With the operation 
statues of the semiconductor production apparatus. Thus, it 
is possible to quickly ascertain What operation status the 
semiconductor production apparatus Was in When a defec 
tive Wafer process Was performed. 

[0040] In the case Where the monitoring method includes 
the data evaluation step, it is preferable that the semicon 
ductor production apparatus is connected to a host computer 
Which retains process lot information of the semiconductor 
production apparatus; and the monitoring method further 
includes a lot information acquisition step of acquiring the 
process lot information from the host computer, and a lot 
information addition step of adding the process lot informa 
tion acquired at the lot information acquisition step to the 
plurality of pieces of neW process data. 

[0041] With such an arrangement, the process lot infor 
mation is coupled to the process data on the data space. 
Therefore, it is possible to collate the operation statuses of 
the semiconductor production apparatus With lot results and, 
on the contrary, to collate the lot results With the operation 
statues of the semiconductor production apparatus. Thus, it 
is possible to quickly ascertain What operation status the 
semiconductor production apparatus Was in When a defec 
tive Wafer process Was performed. 

[0042] In the ?rst or second monitoring method, in the 
case Where the model creation step includes a step of 
performing at least a principal component analysis, the 
above-described effects of the present invention can surely 
be obtained. 

[0043] As described above, according to the present 
invention, a multivariate analysis model is created using a 
plurality of pieces of process data of the semiconductor 
production apparatus. Thus, as for a plurality of pieces of 
neW process data, for example, a principal component value 
of the neW process data, a distance betWeen the neW process 
data and the model, or the like, can be calculated. Moreover, 
real-time monitoring of the calculated value can be per 




















